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CONSIDER THE CARBON IN ANIMAL MANURE! 
Alfred M. Blackmer 
Department of Agronomy 
Iowa State University 
Animal manures contain substantial amounts of carbon (C) that is bound into organic 
compounds. This carbon influences the availability of nitrogen (N) in animal manures 
applied to soils, and these effects make the N in manures behave very differently than the 
N in commercial fertilizers. The basic effects of organic C on N transformations in soils 
have been known for decades, and they are discussed in most introductory textbooks 
relating to soil fertility. 
The problem addressed in this paper is that our basic knowledge about the effects of 
organic C on N transformations in soils is not reflected in current guidelines for manure 
management in Iowa (ISUE PM 1811, November 1999). This problem deserves attention 
because these guidelines serve as the basis for required manure management plans. 
My objectives in this paper are to summarize key points known about the effects of 
organic ConN availability in soils, show that this knowledge is ignored in Iowa's current 
manure management guidelines, discuss the impact of this problem, and explain how 
farmers can avoid the problem. 
Basic relationships between C and N 
The following seven points summarize our basic knowledge about the effects of organic 
C on N availability in soils. The information presented applies to plant materials as well 
as to animal manures. Information about plant materials is relevant because animal 
manures contain plant materials. 
1. Much of the organic C in manure applied to soils remains in soils for years. Although 
some of the C applied is rapidly released to the atmosphere as carbon dioxide, some 
organic compounds take years to decompose. When organic compounds are 
decomposed, part of the C is incorporated into microbial tissues and remains in the 
soil for years. This process continuously forms new soil organic matter, which is 
needed to balance continuous losses of old soil organic matter. 
2. A single application of organic material usually has no measurable effect on soil 
organic matter concentrations, but the effects of many repeated applications usually 
are measurable. The measured effects may be actual increases in soil organic matter 
concentrations or merely slower rates of decrease in these concentrations. The 
second effect probably is most common under conditions found in Iowa. 
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3. Decomposition of organic compounds having relatively high C to N ratios results in 
more N immobilization (conversion of inorganic to organic forms) than N 
mineralization (conversion of organic to inorganic forms). The net effect of such 
compounds is to reduce supplies of plant-available N for periods after they are 
applied to soils. Animal manures dominated by such compounds tend to increase the 
need for commercial fertilizer N during the first year. The fact that some manure-N 
may be released during the first year is irrelevant. 
4. Nitrogen also is immobilized during the decomposition of organic compounds having 
relatively low C toN ratios. Although the net effect is mineralization ofN for the 
first crop, the net amounts ofN mineralized are less than the amounts ofN added. 
The need for commercial fertilizer N is decreased for the first year, but the decrease is 
less than would occur if all C and N in the manure were mineralized during the first 
year. 
5. It is possible for additions of organic compounds.to have essentially no net effect on 
supplies ofN for plant growth during the first year. Such additions would induce 
immeasurably small increases in amounts of organic C and N in soils. They also 
would cause slight increases in rates ofN mineralization for years in the future. 
6. Much of theN immobilized during the decomposition of organic materials in manure 
remains in the organic fraction of soils for years. This has been repeatedly 
demonstrated in studies using N-15 labeled materials. Most ofthe N immobilized is 
unavailable to the first crop, but rates ofN mineralization from the soil are slightly 
increased for many years in the future. 
7. Organic compounds from animal manures stimulate denitrification, the conversion of 
plant-available N to gases that are lost from the soil. Denitrification occurs only 
when supplies of oxygen in soils are extremely limited. Such conditions usually 
occur only when soils are saturated with water, but additions of organic compounds 
stimulate the consumption of oxygen by soil microorganisms and provide an energy 
source to drive denitrification. Organic compounds, therefore, increase the range of 
conditions where denitrification is likely to occur, and they greatly increase rates of 
denitrification possible when soils are saturated with water. Injection of animal 
manure into the soil should be expected to increase losses ofN by denitrification. 
Theoretical problems with current guidelines 
The guidelines indicate that 1 00% of the N in liquid swine manure should be considered 
available to the first crop after manure application. Basic knowledge of the effects of 
organic C on N availability suggests that such guidelines should be expected to 
overestimate availability ofN for the first crop and cause yield-limiting deficiencies ofN. 
These guidelines may underestimate availability for subsequent crops. 
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Current guidelines for manure management in Iowa do not recognize that additions of 
organic materials having high C toN ratios often result in decreases in amounts ofN 
available to the first crop. Basic knowledge of the effects of organic C on N availability 
suggest that such guidelines should be expected to overestimate N availability for the first 
crop and underestimate N availability for subsequent crops. 
An underlying problem is that rates ofN release from the organic compounds in manures 
usually are estimated from "decay series", which indicate the percentages ofN released 
in each successive year after manure is applied. Decay series have been widely used 
when developing rules of thumb for manure management. Because experimental 
methods for developing or evaluating these decay series have never been described, 
however, such estimates are not scientifically defensible. The reliability of these 
estimates needs to be questioned because it is well established that the availability of 
manure-N to plants cannot be predicted without also considering the amounts and nature 
of organically bound C in the manure. Questions about the reliability of such estimates 
should be considered especially important under conditions where soils often become 
saturated with water soon after manures are applied. 
Experimental evidence of a problem 
A study that included on-farm trials at more than 200 sites in Iowa over a six-year period 
revealed no statistically significant relationship between amounts ofmanure-N applied by 
farmers and soil nitrate concentrations in late spring. The observed soil nitrate 
concentrations, however, showed good relationships with responses of the com to extra 
fertilizer N applied in June. Marked variability in losses of manure-N soon after 
application must be considered the primary reason for lack of the normally expected 
relationship between amounts ofmanure-N applied and amounts ofN available for com 
growth. In this study, like most field studies, losses of plant-available N by 
immobilization ofN during the decomposition of organic compounds in manure could 
not be distinguished from losses ofN by ammonia volatilization or by leaching and 
denitrification. 
An extensive survey of cornfields managed by farmers provides additional evidence that 
early season losses ofN are a key factor affecting supplies ofN for plant growth. The 
survey involved collection of samples at more than 1,500 sites between 1988 and 1999. 
Information concerning N management practices at each site also was collected. Results 
showed that March through May rainfall was the most important factor affecting soil 
nitrate concentrations in late spring and cornstalk nitrate concentrations in the fall. These 
losses, therefore, cannot be ignored when trying to improve N management during corn 
production in Iowa. 
The extensive survey also revealed the surprising finding that manure applied by farmers 
tended to supply less plant-available N than needed for profitable corn production. This 
is surprising because it is widely assumed that farmers apply manure at rates that supply 
more N than can be used by plants. The relatively small average effects of manure on 
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supplies ofN can be explained by losses of plant-available N soon after application. 
Effects of organic C in the manure must be considered part of the problem. 
The survey of management practices confirmed many earlier observations that most 
farmers do not give the recommended "credits" for manure N when selecting rates at 
which commercial fertilizers are applied. Information provided by the soil and stalk 
tests, however, indicate that the problem should be attributed to inadequate 
recommendations rather than poor judgement on the part of farmers. The recommended 
system of giving credits fails to address normal variability in amounts of plant-available 
N supplied by applications of manure. This variability creates great uncertainty in 
amounts of manure and (or) fertilizer N needed. Unless this uncertainty can be reduced, 
economic considerations justify applying more N than is currently recommended. 
Recent studies using precision farming technologies (GPS, GIS, remote sensing, yield 
monitoring, etc.) provide additional evidence that current guidelines for manure 
management underestimate problems caused by early season losses of plant-available N. 
These studies are conducted on whole fields rather than small plots and, therefore, more 
directly address concerns of farmers . Results show that farmers who use the 
recommended system of giving fertilizer credits for manure-N should expect to suffer 
large yield losses in many years. 
What can farmers do? 
Experimental data collected during the past decade show that use of the late-spring test 
for soil nitrate as described in ISU Pm-1714 (May 1997) is an effective way to reduce 
uncertainty in amounts of plant-available N supplied by applications of animal manure. 
Use of this test should enable most farmers to increase their average yields while 
substantially decreasing average rates ofN fertilization on manured cornfields. 
Systematic use of the late-spring soil test and the end-of-season stalk test over a period of 
a few years provides information needed to objectively identify rates of manure 
application most likely to supply optimal amounts of plant-available N under field 
conditions. Individual farmers can identify rates of manure application that are optimal 
for the unique set of conditions on their farms. 
Organized groups of farmers can use the tests to objectively evaluate the reliability of 
recommendations or regulations concerning manure management. Farmers as a group 
are in a unique position because they can collect large amounts of data at relatively little 
cost. The advent of precision farming technologies makes it possible to collect 
unprecedented amounts of data. For the first time in history, it is possible for groups of 
farmers to take the lead in developing sound recommendations for N management and 
reasonable regulations governing N management. Farmers unwilling to take this lead 
have little basis for complaining about the quality of recommendations or regulations 
developed by groups having their own special interests. 
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